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RÉSUMÉ 
Chez les plantes, les protéines arabinogalactanes possèdent le domaine 
d'adhésion fasciclin-like. Les protéines Fasciclin-Like Arabinogalactan (FLAs) sont 
localisées au niveau de la paroi cellulaire, la membrane plasmique et dans l'espace 
inter membranaire. Chez les animaux, les protéines FLAs sont impliquées dans 
l'adhésion et la communication cellulaires. Elles sont connues chez les plantes pour 
leurs fonctions dans le développement, la reproduction et la mort cellulaire 
programmée. Cependant, les bases moléculaires de ces interactions sont encore 
inconnues, et aucun domaine fasciclin-like n'a été caractérisé chez les céréales. Afin 
d'isoler les gènes de la famille des FLAs chez le blé (Triticum aestivum) et le riz 
(Orysa saliva), on s'est basé sur les motifs FLAs conservés d'Arabidopsis thaliana. 
En utilisant des outils bioinformatiques, tous les ESTs ayant les motifs FLAs 
conservés ont été collectés, et des séquences consensus (contigs) ont été reconstituées. 
Cette étude a pennis la caractérisation de 34 protéines FLAs chez le blé et 24 chez le 
riz. Soixante dix pour cent des protéines FLAs chez le blé et le riz sont prédits être 
liées à la membrane plasmique via la molécule ancre glycosylphosphatidylinositol 
(GPI). L'étude du profil d'expression par l'analyse de Northern a montré que les 
gènes FLAs chez le blé sont exprimés dans toute la plante et principalement au 
niveau de la racine et de la graine. Plusieurs gènes FLAs chez le blé sont sous­
exprimés sous l'effet des stress abiotiques alors que les TaFLA9 et 12 sont induits 
par le froid au niveau de la racine. Le domaine fasciclin-like des plantes est prédit 
d'avoir une homologie 3-D avec le domaine Fas1 de la molécule d'adhésion 
cellulaire neurale Fascilin1 chez l'insecte avec une estimation de 70% de précision. 
L'analyse structurale des FLAs montre une concentration des charges négatives au 
niveau des régions ~ 1-a3-aA-~2, alors que les charges positives sont positionnées 
derrière les plis. Cette forte distribution de charge peut permettre des interactions 
protéine-protéine via des forces électrostatiques similaires chez d'autres molécules 
d'adhésion. L'identification des protéines FLAs chez le blé et leurs caractérisations 
moléculaires permettraient d'attribuer à ces protéines des fonctions possibles dans la 
croissance, le développement de la plante et dans la réponse au stress. 
Mots-clés: protéines Arabinogalactanes-Domaine Fasciclin-like­
Glycosylphosphatidyl-inositol-Bioinfonnatiques-Blé-Riz 
INTRODUCTION 
Les interactions entre la paroi cellulaire et la membrane plasmique jouent un 
rôle majeur et régulateur durant le processus de développement des plantes. Ces 
interactions dynamiques sont impliquées par différents types de protéines, par 
exemple les récepteurs kinases, les protéines arabinogalactanes (AGP), les complexes 
cellulose synthases (WAKs) et les kinases associées à la paroi cellulaire. 
Les protéines glycoprotéines riches en hydroxyprolines(Hyp), sont une grande famille 
constituée de trois sous-familles: AGPs, les extensines (EXTs) et les protéines riches 
en proline (PRPs). Les HRGPs sont caractérisées par une protéine squelette riche en 
Hyp avec des degrés différents de O-glycosylation. Chez les AGPs, les résidus Hyp 
sont organisés en clusters non continus (courts et répétitifs) liés à des sucres alors que 
chez les EXTs et les PRPs les clustres des résidus Hyp sont continus (Tan et al. 2003). 
Les protéines fasciclin-Iike arabinogalactanes (FLAs), inconnues chez les céréales 
sont une sous-classe des protéines arabinogalactanes (AGP). En plus du domaine 
AGP-like glycosylé, elles possèdent un domaine fasciclin-like d'adhésion cellulaire. 
Chez les eucaryotes tels que la drosophile [Drosophila melangasler] et l'humain 
[Homo sapiens], le domaine fasciclin-like est impliqué dans l'adhésion (l'adhérence) 
cellulaire. Leur caractérisation chez le blé permettra de comprendre leurs fonctions 
physiologiques au cours du développement de la plante et lors de sa réponse aux 
différents stress. 
Notre étude a mené à l'identification de 34 FLAs chez le blé (Trilicum aestivum) et 
21 chez le riz (Orysa saliva) grâce à l'analyse de tous les ESTs (Expressed Sequence 
Tag) des bases de données publiques ayant les motifs FLAs conservés homologues à 
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ceux chez Arabidopsis thaliana. Les séquences de ces EST ont été assemblées en 
contigs de façon à déterminer les séquences consensus des gènes de la famille FLAs 
chez le blé et le riz. La famille des FLAs chez Arabidopsis thaliana est composée de 
21 AtFLAs caractérisées par 2 régions très conservées composées de 10 acides 
aminés chacune, les domaines fasciclin-like Hl et H2 (Johnson et al. 2003). L'étude 
des FLAs chez Arabidopsis thaliana a montré qu'elles sont exprimées dans différents 
organes et tissus de la plante (xylème, tissu stylaire, et dans les cultures de suspension 
cellulaire) (Showalter 2001; Johnson et al. 2003; La farguette et al. 2004; Dahiya et al. 
2006). La diversité structurale des AtFLAs et leur nombre considérable suggèrent 
qu'elles ont plusieurs fonctions au cours du développement et de l'adaptation de la 
plante aux différents stress abiotiques. Le cas de l'implication du gène AtFLA Il dans 
la formation de la paroi secondaire (Lafarguette et al. 2004; Brown et al. 2005; 
Persson et al. 2005; Dahiya et al. 2006) et la mutation dans le second domaine H2 du 
gène AtFLA4 rend la plante extrêmement sensible au sel (Shi et al. 2003). Les 
analyses bioinformatiques au cours de cette étude ont démontré que 70% des 
protéines FLAs chez le blé et le riz sont prédites être liées à la membrane plasmique 
via la molécule ancre glycosylphosphatidylinositol (GPI), permettant une implication 
de ces FLAs dans le développement et la croissance de la plante ainsi que dans la 
signalisation et dans l'adaptation environnementale. 
REVUE DE LITTÉRATURE 
La paroi cellulaire végétale est l'enveloppe la plus externe des cellules 
constituée de cellulose (polymère de 1-4~ glucan), pectines, hémicelluloses et 
protéines pariétales dont les 5 classes principales sont: les extensines, les protéines 
riches en glycine (ORPs), les protéines riche en proline (PRPs), les lectines 
solanacées et les protéines arabinogalactanes (comprises dans la sous-classe des 
fasciclines) (Showalter 1993). La membrane plasmique est la membrane externe de la 
cellule, qui entoure le protoplasme et permet à la eellule de conserver sa forme et sa 
structure. La composition exacte des membranes cellulaires diffère en fonction du 
type de cellule, mais les molécules de base restent les mêmes. Elles sont de deux 
sortes: les protéines et les lipides. La surface d'une cellule est constituée d'une double 
couche lipidique dans laquelle s'intercalent des protéines. Les lipides constituant la 
majeure partie de la surface membranaire sont de trois classes: les phospholipides, les 
stéroïdes (principalement le cholestérol) et les glycolipides. À peu près la moitié des 
molécules constituant la membrane moyenne sont des phospholipides. Les protéines 
membranaires assurent une multitude de fonctions, c'est le cas des protéines de 
transport, des canaux ou pompes qui assurent Je passage d'un côté ou de l'autre de la 
membrane de grosses molécules hydrosolubles comme les sucres et certains acides 
aminés. Chez les animaux, les glycoprotéines, protéines associées à des résidus 
glucidiques, jouent un rôle dans J'identification de la cellule par le système 
immunitaire. Chez les plantes, les protéines arabinogalactanes (AOPs) sont localisées 
au niveau de l'espace inter-membranaire, la membrane plasmique et la paroi 
cellulaire des différents organes de la plante (Showalter 2001). Les interactions de la 
paroi cellulaire et la membrane plasmique jouent un rôle régulateur majeur durant le 
processus de développement des plantes. 
Les protéines arabinogalactanes 
Les protéines arabinogalactanes sont une large famille des protéoglucanes 
caractérisées par une protéine squelette riche en proline/hydroxyproline serine, 
alanine, thréonine, liée à des portions glucanes, très riche en galactose, arabinose 
et acide glucuronique. Chez Arabidopsis thaliana, la famille des AGPs est 
composée de 5 sous- familles: 14 AGPs classiques avec une protéine squelette 
ayant un domaine AGP classique, 3 AGPs contenant un court sub-domaine 
caractéristique lysine-riche, 12 arabinogalactanes peptides avec un court squelette 
peptide de 10 à 15 acides aminés, 21 FLAs ainsi qu'un nombre inconnu d'AGPs 
non classiques (difficile à identifier via des recherches database) (Borner et al 
2002; Schultz et al. 2002; Bomer et al. 2003). Trois modèles probables de 
structure de protéines arabinogalactanes ont été identifiés en se basant sur des 
images de microscope de transmission électronique (Fig.l). Ces modèles diffèrent 
selon la forme des unités glucan et selon la présence ou l'absence des arabinosides 
(Showalter 2001). 
Le premIer modèle (wattle blossom) est caractérisé par une chaîne 
polysaccharidique formée d'unités globulaires et sphéroïdales, alors que dans le 
deuxième modèle (twisted hairy rope), la chaîne polysaccharidique est formée 
d'unités allongées sous forme de baguettes. La protéine squelette de ce modèle est 
aussi liée à des résidus d'oligoarabinosides. Le troisième modèle (wattle blossom 
modifié) présente une protéine squelette liée à des chaînes d'oligoarabinosides 
(Showalter 2001). 
5 
Glucane 
Q Q Q Squelette: Pro/HO-Pro6 (3 Ser, Ala, Thr 
Figure 1 : Les 3 modèles probables de la structure des protéines arabinogalactanes. A. 
Wattle blossom; B. Twisted hairy rope; C. wattle blossom modifié (Showalter, 2001). 
Les protéines fasciclin-Iike arabinogalactanes (AGP) 
a. Structure 
Les protéines fasciclin-like arabinogalactanes (FLAs) sont une sous-classe 
des protéines AGP. Elles possèdent en plus du domaine AGP-like glycosylé, un 
domaine fasciclin-like (FL) d'adhésion cellulaire. Chez Arabidopsis thaliana, le 
domaine fasciclin-like est caractérisé par une ou deux séquences très conservées 
Hl et H2 (d'environ 10 acides aminés chacune) ainsi que par plusieurs résidus 
conservés comme le résidu leucine et isoleucine proches du domaine FL (Johnson 
et al. 2003). Ces résidus interviennent dans la stabilisation du domaine FL et/ou 
dans l'adhésion cellulaire (Johnson et al. 2003). La famille des FLAs chez 
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Arabidopsis thaliana contient 21 gènes (famille multigénique) assemblés en 4 
groupes A, B, C et D (Fig.2). 
A 
FLA6 
FLA7 
FlA9 
FLA11 
FLA12 
FLA13 
B 
FLA15 
FLA16 
FLA17 
FLA18 
C 
FLAI 
FLA2 
FLA3 
FLA5 
FLA8 GPI 
FLA10 
FLA 14 Domaine .~.GP 
-1 ikp0 
FLM Domaine Fasciclin 
FLA19 
FLA201 • 
FLA21 1 • 
Figure 2: Représentation schématique des 4 groupes de la famille des protéines 
fasciclin-like arabinogalactanes chez Arabidopsis thaliana (Johnson et al. 2003). 
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b-Glycosyl phosphatidyl-inositol (GPI) 
La famille des FLAs à été identifiée chez Arabidopsis thaliana. On note un site 
d'ancrage à la membrane plasmique via une molécule d'ancrage: le glycosyl 
phosphatidyl-inositol (GPI) (Johnson et al. 2003). Cette étude a démontré que 70% des 
protéines FLAs chez le blé et le riz sont prédites liées à la membrane plasmique via le 
GPI. 
Les FLAs subissent d'importantes modifications post-traductionnelles, 
notamment l'hydroxylation des résidus prolyl et la glycosylation. La molécule ancre GPI 
se lie à un acide aminé spécifique ü) (Fig.3) présent au niveau C-terminal des AGP et des 
FLAs. Avant cette liaison, les AGPs subissent une élimination de leur domaine 
hydrophobe C-terminal dans le réticulum endoplasmique (Showalter 2001). 
,.. Il • 
., 
1" , 
+--!" ..t) 
\/ 
Figure 3 : Liaison membrane plasmique-protéine arabinogalactane/protéine fasciclin­
like arabinogalactane via une molécule ancre glycosyl phosphatidyl-inositol 
(Showalter 200 l). 
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L'élimination est faite au niveau de l'acide aminé qui servira par la suite à une liaison au 
GPI. Après la liaison GPI-FLA, le tout sera sécrété au niveau de l'autre face de la 
membrane plasmique via l'appareil de Golgi. L'AGP pourra ensuite subir l'action d'une 
phospholipase endogène C ou D pennettant sa libération soit vers la paroi cellulaire soit 
vers des destinations extracellulaires (Showalter 2001). Les AGPs (FLAs incluses) sont 
donc synthétisées dans la cellule et rapidement sécrétées sur la surface cellulaire. Cette 
évidence est basée sur une étude faite en utilisant du glucose et de l'arabinose radioactif. 
Durant le processus de régénération de la paroi cellulaire, les protoplastes synthétisent 
des AGPs qui sont par la suite sécrétées dans le milieu extracellulaire (Showalter 2001). 
Chez plusieurs organismes, la molécule de liaison GPI est impliquée dans la sécrétion 
polarisée (Brown et al. 2000), dans l'association avec les micro-domaines lipidiques 
(Ikonen 2001) et dans le recyclage à partir de la membrane plasmique (Fivaz et al. 
2002). Un autre rôle important du GPI est sa capacité de transfert d'une cellule à une 
autre cellule adjacente (protein painting) (Premkumar et al. 2001). Une analyse bio­
informatique chez Arabidopsis thaliana prédit l'implication du GPI dans la 
signalisation cel1ulaire, le remodelage de la matrice et dans la réponse cellulaire au 
stress biotique (Borner et al. 2002). Notre étude a démontré que 70% des protéines 
FLAs chez le blé et le riz sont prédites être liéés à la membrane plasmique via le GPI, 
ce qui suggère une implication possible des FLAs dans le développement et la 
croissance des plantes, et dans leurs réponses aux différents stress. 
c. Expressions des FLAs 
Les FLAs, de même que les autres sous-classes des AGPs, sont généralement 
présentes au niveau de la membrane plasmique, la paroi cellulaire et dans l'espace 
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intercellulaire (Showalter 2001). Plusieurs espèces d'angiospermes, gymnospennes, 
algues et bryophytes possèdent des FLAs, qui sont exprimées dans différents organes 
de la plantes (feuilles, tiges, racines, fleurs et graines) (Sun et al. 2005). L'expression 
des FLAs chez Arabidopsis thaliana dépend du stade de développement de l'organe 
(âge), et de son état physiologique (présence ou absence de stress biotique ou 
abiotique) (Johnson et al. 2003). 
Interactions moléculaires et signalisations des AGPIFLAs : 
La capacité des protéines AGPsIFLAs d'interagir avec d'autres molécules de 
la surface cellulaire et leur implication dans la signalisation cellulaire (Showalter 
2001) représentent un champ fertile pour les futures recherches concernant les FLAs 
puisque actuellement elles sont peu connues. 
Plusieurs travaux ont démontré que les AGPs interagissent avec les pectines via des 
interactions directes ou indirectes de nature ionique. Les résidus d'acide 
galacturonique chargés négativement peuvent interagir; soit indirectement avec des 
AGPs aussi chargés négativement via des canaux ioniques de Ca2+ (Showalter 2001); 
soit directement avec les clusters des résidus d'acides aminés basiques présents chez 
certaines AGPs. C'est le cas du Hyp-poor chez la carotte et de l'AGP-l chez la 
tomate (Showalter 2001). 
Il est fort possible qu'un FLA se lie et s'associe avec une autre FLA. Certaines 
associations peuvent impliquer des interactions ioniques similaires à celles rapportées 
avec les pectines, ou encore des molécules analogues au réactif Yariv B-D-glucosyl 
chez la plante. Le réactif Yariv est un produit qui permet de colorer et de précipiter 
les AGPs afin de les purifier ou les quantifier (Showalter 2001). Les glucides des 
AGPs constituent un réservoir de l'information structurale servant comme un 
potentiel chimique de signalisation via les oligosaccharides (Etzler 1998). Ceci 
suggère une implication des AGPs et des FLAs dans les différents processus de 
développement, de croissance et de signalisation chez les plantes. 
Cinq modèles probables d'interactions moléculaires et d'adhésions cellulaires 
impliquant les AGPsIFLAs dans les différents aspects de la croissance et de 
développement chez les plantes ont été proposés par Showalter 2000 (Figure 4). 
Il 
A. 
B. 
Parois Parois
 
q10p
 
cy10p 
C. 
Cellule!
 
Paroi 5
 
Parois 
D. E. 
Une partie du GPI servant comme 
molecule de transduction de signa! 
Paroi s 
cy10p 
cy10p 
Figure 4: Les modèles d'interaction cellulaire impliquant les AGPs/FLAs dans la 
signalisation et l'adhésion cellulaire. A. signalisation par libération de sucres à partir 
des AGPs (Showalter 2001); B. signalisation par liaison directe ou indirecte (via 
ligands) entre les AGPs et les récepteurs; C. signalisation par liaison entre AGP/FLA 
d'une cellule et le recepteur de la cellule voisine; D. Signalisation via la molécule 
intermédiaire GPI; E. assemblage et liaison des AGPslFLAs via leurs chaînes 
polysaccharidiques permettant une adhésion cellulaire. 
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Premier modèle: Ce modèle (figure 4 A) permet aux FLAs d'avoir un rôle dans la 
transmission du signal chez les plantes puisqu'elles peuvent libérer, sous une action 
enzymatique, des oligosaccharides signaux qui vont se lier à des récepteurs 
membranaires impliqués dans un système de transmission du signal. Un exemple de 
ce modèle est la libération des oligosaccharides d'AGPs par la chitinase et leur liaison 
à des récepteurs membranaires afin de stimuler l'embryogenèse somatique (Van 
Hengel 1998). 
Deuxième modèle: Dans ce modèle (figure 4 B), l'AGP ou la FLA interagit de façon 
directe ou indirecte avec un récepteur de la membrane plasmique. Dans le cas 
l'interaction direct, l'AGPIFLA se lie au récepteur grâce à la présence de sites 
spécifiques dans le récepteur membranaire, permettant à ce dernier une transmission 
du signal. Ce cas est peut être analogue au modèle animal où la molécule ancre GP! 
du FLA IAGP se lie à la protéine membranaire neuronale dite Caspr (contactin 
associated protein) impliquée dans les cascades de signalisations (Peles et al. 1997). 
Dans le cas de l'interaction indirect, l'AGPIFLA se lie à des molécules ligands qui se 
lient à leur tour au récepteur membranaire spécifique (ShowaIter 2001). Ce 
mécanisme est analogue à un systeme d'interaction qui a été rapporté chez les 
animaux où le ligand FGF (Fibroblast Growt Factor) se lie à la fois à son récepteur et 
au HSPG (analogue aux AGPS/FLAs). 
Troisième modèle: Dans ce modèle (figure 4 C), l'AGP/FLA peut servir dans les 
interactions cellule-cellule etJou permettre la transmission du signal d'une cellule à 
l'autre. La protéine FLA d'une cellule peut interagir avec son homologue de la cellule 
voisine par les canaux calciques. La FLA d'une cellule peut se lier à un récepteur 
membranaire spécifique de la cellule voisine. Ce genre de modèle a été démontré 
chez les cellules animales lors d'une liaison de la molécule neuronale ancre GP! et la 
protéine récepteur tyrosine phosphatase ~ (Peles et al. 1995). 
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Quatrième modèle: Dans ce modèle (figure 4 D), l'AGP/FLA est lié à la membrane 
plasmique via la molécule ancre GPI. Cette dernière pourra servir comme une 
molécule intermédiaire entre la FLA et le cytoplasme pour la transmission d'un signal 
intracellulaire. Le signal provenant du AGP/FLA sous l'effet d'un changement associé 
au stress ou au stade de développement passe par le GPI avant d'arriver à un autre 
récepteur intracellulaire. 
Cinquième modèle: Dans ce modèle (figure 4 E), plusieurs FLAs IAGPs se lient 
entre elles grâce à leurs chaînes polysaccharidiques, donc elles peuvent servir comme 
des molécules d'adhésion cellulaire nécessaires pour une croissance et un 
développement normal. Cette adhésion permet une connexion membrane plasmique­
paroi cellulaire (Showalter 2001). 
Fonctions des protéines fasciclin like arabinogalactanes 
a. Croissance cellulaire et développement des plantes 
Cette fonction a été confirmée par l'utilisation du réactif Yariv (inhibiteur des 
FLAs ) sur une suspension cellulaire, qui a causé l'inhibition de la croissance de ces 
cellules (Showalter 2001). Son application sur des plantes de tomate a inhibé la 
croissance racinaire ainsi que l'élongation des cellules épidennales. Chez Arabidopsis 
thaliana, le gène FLA11 est impliqué dans la fonnation de la paroi secondaire 
cellulaire (Lafarguette et al. 2004; Brown et al. 2005; Persson et al. 2005; Dahiya et 
al. 2006). Récemment une étude a démontré l'implication de quelques membres des 
AGPs chez Arabidopsis thaliana dans la division et l'accroissement cellulaire (Yang 
Jie et al. 2007). 
b. La reproduction 
L'expression et l'abondance d'AGP/FLAs dans les stigmates, le tissu stylaire 
de transmission et dans le pollen suggèrent que ces protéines sont probablement 
importantes pour la reproduction. Cette suggestion a été confinnée par plusieurs 
expériences. C'est le cas du tabac où ils ont purifié des AGPs qui sont exprimées 
spécifiquement dans le tissu de transmission stylaire stimulant la croissance du tube 
pollinique. Les plantes de tabac transgéniques avec une faible expression de ces 
protéines développent un pollen ayant un tube pollinique réduit (Showalter 2001). 
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c. Contrôle de la mort cellulaire (PCD) 
La mort cellulaire programmée (PCO) est un processus de développement 
nonnal important pour la sénescence, la pollinisation et la détermination des sexes. 
La plante peut aussi employer la PCD comme réponse aux différents stress. En 2001, 
le groupe de Showalter a conclu que le réactif Yariv induit la PCO d'une culture 
cellulaire d'Arabidopsis thaliana selon des doses déterminées et en fonction d'un 
temps d'incubation détenniné. Ce résultat montre que les AGPs/FLAs sont 
impliquées dans la PCO et sont donc importantes dans la croissance cellulaire et la 
survie de la plante. 
d-Adhésion cellulaire 
Les domaines fasciclin Hl et H2 sont très conservés et sont impliqués dans 
l'adhésion cellulaire (Kim et al. 2002). Cette évidence nous parvient de certaines 
études in vivo effectuées sur l'humain. Les domaines fasciclin Hl et H2 CI 0 acides 
aminés) sous forme de peptides synthétiques ont été utilisés pour étudier leur 
implication dans l'adhésion cellulaire. La conclusion est que ces deux domaines ont 
besoin d'autres peptides pour réussir une adhésion cellulaire. Une autre étude a 
démontrée que le nombre conservé d'acides aminés leucine et isoleucine entourant le 
domaine Hl de Fasl chez Arabidopsis thaliana intervient dans le maintien de sa 
structure ainsi que dans l'adhésion cellulaire (Schultz et al. 2002). Chez la drosophile, 
la protéine Fas1 est impliquée dans l'adhésion cellulaire via des interactions 
homotypique (Elkins et al. 1990). Le domaine fasciclin-like est aussi responsable de 
la symbiose entre les lichens et les cyanobactéries afin de fixer l'azote (Paulsrud et 
Lindblade, 2002). 
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e- Réponses aux stress 
Plusieurs gènes AGPs et FLAs répondent à des stress notamment le froid, 
l'inondation, l'aluminium, le cadmium et l'infection virale (Schultz et al. 2002). 
L'analyse de l'ARN par la technique de northern a indiqué que de nombreux FLAs 
répondent aux stress hormonaux (l'acide abscissique). Par exemple les AGP 1 et 
AGP2, Lys-rich AGP18, AG-peptide AGP12 et les FLAsl, FLA2 et FLA8 chez 
Arabidopsis thaliana sont sous-exprimées sous l'effet d'un traitement à l'acide 
abscissique (Johnson et al. 2003). Le stress par l'inhibition du transport mitochondrial 
des électrons dû au traitement des feuilles d'Arabidopsis thaliana par l'antimycin A 
cause une surexpression du gène FLA2 (Johnson et al. 2003). La mutation du gène 
FLA4 suite à une substitution dans le domaine H2 chez des plantes transgéniques 
d'Arabidopsis thaliana rend les plants très sensible à un traitement au sel (NaCl) par 
rapport au contrôle (Shi et al. 2003). 
PROBLÉMATIQUE 
Dans les pays du nord tel que le canada, le froid est le principal facteur 
limitant qui touche une culture de grande valeur: le blé (Triticum aestivum L.). 
L'expression de certaines fasciclin-like arabinogalactans (TaFLAs) serait régulée par 
le froid ou d'autres stress. Les TaFLAs sont généralement présentes au niveau de la 
membrane plasmique, la paroi cellulaire et dans l'espace intercellulaire (Showalter, 
2001). L'objectif de ce projet est d'identifier la famille des gènes qui codent pour les 
protéines FLAs encore incolUlUes chez le blé et le riz. L'étude du profil d'expression 
des FLAs chez le blé permettra d'identifier le ou les gène(s) régulées) par le froid. 
Chez les animaux, les TaFLAs sont impliquées dans l'adhésion et la communication 
cellulaires. Les bases moléculaires de ces interactions sont encore inconnues chez les 
plantes et aucun domaine fasciclin-like n'a été caractérisé chez les céréales. Les 
analyses bioinformatiques des FLAs chez le blé et le riz après leur identification 
permettront la prédiction des bases moléculaires de leurs interactions chez les 
céréales. L'identification des protéines FLAs chez le blé et leur caractérisation 
moléculaire permettront d'associer la fonction des protéines FLAs avec les 
modifications de la membrane et de la paroi cellulaire au cours de l'acclimatation au 
froid et de la tolérance au gel. Une meilleure compréhension des modifications 
physiologiques, métaboliques et de l'expression génétique permettra de définir des 
stratégies afin de minimiser les pertes agricoles causées par le froid. 
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Mon rôle dans ce travail 
Dans ce projet de recherche, j'ai travaillé sur l'identification et le clonage des 
gènes FLAs chez le blé. Au cours de l'identification, j'ai travaillé sur l'assemblage 
des ESTs en utilisant le programme CAP3 pour quelques contigs suivie du 
programme clustalW pour avoir le bon alignement des protéines de blé, afin de les 
comparer avec leurs homologues chez Arabidopsis thaliana (en se basant sur le 
domaine conservé fasciclin- like). Après l'identification des séquences des TaFLA, 
j'ai dessiné des amorces spécifiques pour les contigs non complets et pour quelques 
contigs complets. Grâce à ces amorces j'ai amplifié les ADN complets par PCR à 
partir des librairies de blé. Par la suite, j'ai cloné et séquencé les gènes amplifiés. J'ai 
aussi travaillé sur l'étude du profil d'expression de quelques gènes FLAs en utilisant 
la technique northern blot pour déterminer comment le froid et d'autres stress 
affectent leur niveau d'expression. 
Dans un deuxième projet, j'ai travaillé sur l'étude de la réponse d'une 
lipocaline chloroplastique du blé (TaCHL) au froid. Pour ceci, j'ai travaillé sur la 
production de la protéine recombinante d'Arabidopsis thaliana (AtCHL) homologue 
à notre TaCHL d'intérêt. Ensuite le travail devrait se terminer par la production de 
l'anticorps permettant d'étudier l'effet du froid et d'autres stress sur l'expression du 
gène AtCHL. Mon col1ègue Jean benoit Charron m'a donné les séquences des 2 
gènes lipocalines AtCHL homologues aux protéines à étudier chez le blé. J'ai 
amplifié par PCR le gène AtCHL, puis je l'ai cloné dans le vecteur pDrive puis dans 
le vecteur d'expression ptrcHis. Ensuite, j'ai travaillé sur l'induction de la protéine 
recombinante, ainsi que sur la production de la deuxième et la troisième génération 
des plantes transgéniques d'Arabidopsis thaliana qui sur-expriment le gène AtCHL. 
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ABSTRACT 
Putative plant adhesion molecules include arabinogalactan-proteins having 
fasciclin-like domains. In animal, fasciclin proteins participate in cell adhesion and 
communication. However, the molecular basis of interactions in plants is still 
unknown and none of these domains have been characterized in cereals. This work 
reports the characterization of34 wheat (Triticum aeslivum) and 24 rice (Oryza saliva) 
Fasciclin-Like Arabinogalactan-proteins (FLAs). Bioinformatics analyses show that 
cereal FLAs share structural characteristics with known Arabidopsis FLAs including 
arabinogalactan-protein and fasciclin conserved domains. At least 70% of the wheat 
and rice FLAs are predicted to be glycosylphosphatidylinositol-anchored to the 
plasma membranes. Expression analyses determined from the relative abundance of 
ESTs in the publicly available wheat EST databases and from RNA gel blots indicate 
that most of these genes are weakly expressed and found mainly in seeds and roots. 
Furthermore, most wheat genes are down regulated by abiotic stresses except for 
TaFLA9 and 12 where coId treatment induces their expression in roots. Plant 
fasciclin-like domains are predicted to have 3-D homology with FASI domain of the 
fasciclin l insect neural cell adhesion molecule with an estimated precision above 
70%. The structural analysis shows that negativeiy charged amino acids are 
concentrated along the ~1-a3-a4-~2 edges, while the positively charged amino acids 
are concentrated on the back side of the folds. This highly charged surface 
distribution could provide a way of mediating protein-protein interactions via 
electrostatic forces similar to many other adhesion molecules. The identification of 
wheat FLAs will facilitate studying their function in plant growth and development 
and their role in stress response. 
Keywords: Arabinogalactan-proteins - Fasciclin-like 
domain Glycosylphosphatidylinositol anchor - Bioinformatics - Cereals - Wheat ­
Rice 
Nucleotide sequence data reported are available in the DBJ/EMBL/GenBank 
databases under the accession numbers: TaFLA1, DQ872374; TaFLA2, DQ872375; 
TaFLA3, DQ872376; TaFLA4, DQ872377; TaFLA5, DQ872378; TaFLA6, 
DQ872379; TaFLA7, DQ872380; TaFLA8, DQ872381; TaFLA9, DQ872382; 
TaFLA10, DQ872383; TaFLAll, DQ872384; TaFLA12, DQ872385; TaFLA13, 
DQ872386; TaFLA14, DQ872387; TaFLA15, DQ872388; TaFLA16, DQ872389; 
TaFLA17, DQ872390; TaFLA18, DQ872391; TaFLA19, DQ872392; TaFLA20, 
DQ872393; TaFLA21, DQ872394; TaFLA22, DQ872395; TaFLA23, DQ872396; 
TaFLA24, DQ872397; TaFLA25, DQ872398; TaFL26, DQ872399; TaFLA27, 
DQ872400; TaFLA28, DQ872401; TaFLA29, DQ872402; TaFLA30, DQ872403; 
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TaFLA3l, DQ872404; TaAGPl, DQ872405; TaFLA33, DQ872406; TaFLA34, 
DQ872407. 
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INTRODUCTION 
Plant development and adaptation to continuous environmental changes 
require that cells undergo profound structural and metabolic modifications. The plant 
ceU wall (CW) and its interaction with the plasma membrane (PM) is thought to play 
crucial regulatory roles during these developmental processes. CW-PM interactions 
are dynamic and involve various types of proteins such as receptor kinases, 
arabinogalactan-proteins (AGPs), cellulose synthase complex (rosettes), and wall­
associated kinases (WAKs). As part of a study on wheat, we sought to characterize 
putative wheat fasciclin-like arabinogalactan-proteins (TaFLAs) and investigate their 
possible physiological function in plant development and in response to various 
stresses. Such putative adhesion molecules are not characterized in cereals. The 
hydroxyproline (Hyp)-rich glycoproteins (HRGPs) superfamily consists of three main 
subfamilies, namely arabinogalactan-proteins (AGPs), extensins (EXTs), and proline­
rich proteins (PRPs). HRGPs are characterized by a backbone protein rich in Hyp 
with varying degrees of O-glycosylation depending upon the subfamily (up to 99% of 
M r ) (Nothnagel 1997; Bacic et al. 2000; Showalter 2001). HRGPs share common 
signatures that consist of blocks of Hyp residues organized in clusters caUed 
glycomodules, in which most Hyp residues usually bear either a large arabinogalactan 
(AG) polysaccharide or small non-branched arabinooligosaccharides. ln the case of 
the AG polymers found in AGPs, Hyp residues are organized in noncontiguous 
clusters found in the EXTs and PRPs. However, in the case of the 
arabinooligosaccharides, Hyp residues are organized in contiguous clusters (Tan et al. 
2003). ln addition to the AG glycomodules, an AGP molecule may contain other 
conserved domains such as fasciclin-like domains similar to the ones identified in 
fruit flies (Elkins et al. 1990), or lysine-rich domains (Gaspar et al. 2004). Although 
an excellent bioinformatics strategy has been developed to identify AGPs in the 
Arabidopsis genome (Schultz et al. 2002); there is currently an urgent need for 
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bioinformatics analysis and characterization of AGPs in genomes from commercially 
important crop plants such rice, wheat and maize. Such an analysis may lead to a 
better understanding of the physiological functions of these proteins. ln Arabidopsis, 
21 genes encoding FLAs (AtFLAs) have been identified and were classified into four 
groups (Johnson et al. 2003). The AtFLA genes are expressed in various plant organs, 
in various tissues such as xylem, stylar tissue, and in suspension cultured cells 
(Showalter 2001; Johnson et al. 2003; Lafarguette et al. 2004; Dahiya et al. 2006). 
Structurally, a fasciclin domain, as defined by "smart00554" in SMART databases 
(Simple Modular Architecture Research Tooi at http://www.smart.embl.de; 
http://www.smart.ox.ac.uk). is characterized by two highly conserved sequences 
regions called Hl and H2 (lO amino acids long each) with common short conserved 
peptide motifs, namely Val-Phe-Pro-X-X-X-Pro and [Phe/Tyr]-His motifs, where X 
can be any amino acid (Kawamoto et al. 1998; Johnson et al. 2003). Considering the 
number of AtFLA proteins and their structural diversity (Lafarguette et al. 2004; 
Gaspar et al. 2004), it is expected that they may have diverse function during plant 
development and adaptation. For example, the salt overly sensitive 5 mutant in 
Arabidopsis (sos5) has a point mutation in the second fasciclin domain of AtFLA4 
gene, resulting in plants with thinner cell walls, abnormal swollen cells at the root tip, 
and an increase in salt sensitivity (Shi et al. 2003). More recent studies (Lafarguette et 
al. 2004; Brown et al. 2005; Persson et al. 2005; Dahiya et al. 2006) showed that 
AtFLA 11 gene and its homolog in Zinnia elegans and poplar are implicated in 
secondary wall formation. It is clear that FLA proteins play crucial roles in plant 
development, however the mechanisms by which these proteins achieve their 
functions are not known. To date, the adhesion function (physical interaction) but not 
for plant fasciclin-like domains has been demonstrated for the fruit fly Fas 1 and in 
the immunoglobulin super-family (Wang et al. 1999; Kim et al. 2000, 2002). lt has 
been postulated that the dual presence of fasciclin-like domains associated with 
glycosylphosphatidylinositol (GPI)-anchor supports the involvement of plant FLA ln 
cell adhesion and signaling. However, we still do not know by which mechanism the 
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interaction occurs. This lack of progress in understanding the adhesion mechanism of 
plant fasciclin-like domains cornes mostly from the lack of structural studies of these 
domains. Recent advances in prediction algorithms and the availability of the crystal 
structure model of FAS 1 domain 4 from a Drosophila fasciclin (Coult et al. 2003) 
will offer a new way to investigate the importance of certain regions of plant 
fasciclin-like domains in the adhesion mechanism. In an effort to understand the 
function of FLAs in cereal development, we initiated this study that focuses on the 
identification, cloning, and bioinformatics analyses of putative FLAs in wheat, a 
commercially important of the Triticeae family grain crop. A Java script allowed us 
to identify wheat ESTs similar to Arabidopsis FLA proteins in the public databases, 
and then assemble them into unique contigs, by using bioinformatics approaches in 
association with currently available genomic resources. Using this strategy along with 
a PCR-based methodology, we cloned 34 full-Iength putative TaFLA genes. 
Structural predictions showed that the plant fasciclin-like domain has fold homology 
to FAS 1 with an estimated precision of 90%, and the domain consists of a seven­
stranded wedge similar to FAS 1. This study may establish the foundation for further 
detailed investigations on the role of each particular TaFLA protein in plant 
development and environmental adaptation. The cloning of TaFLA genes in addition 
to the data mining of rice homologues allowed us to perform extensive comparison of 
these proteins with Arabidopsis proteins. The inventory of wheat FLA ESTs in the 
TIGR database indicated that most of TaFLA genes are expressed in reproductive 
organs and roots. In addition, RNA gel blot analysis indicates that at least two of 
these wheat genes are up regulated by cold treatment. 
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RESULTS 
Identification and cloning of putative wheat FLA (TaFLAs) genes 
A Java script was developed that performs several bioinformatics steps in a 
row and gives a finallist of unique, putative wheat FLA sequences. As a first step, the 
Java script perforrns a TBlastN (NCBI) search on the TIGR wheat EST databases 
(580,155 ESTs), using the 21 Arabidopsis FLA protein (AtFLA) sequences as queries. 
Arabidopsis FLA4 (At3g46550) gave two accession numbers NP_190239 and 
NP_915428, but the later number corresponds to a rice protein accession number. In a 
second step, the script collects a11 the hits (evalue< 0.05) obtained from each of the 
AtFLA proteins, which yielded a list of 1017 EST sequences. The script removes 
redundancy (same accession number) from this first crude list, thus reducing the 
number to 143 ESTs. In the next step, the java script merges these ESTs into unique 
contigs using the CAP3 assembly program (Huang and Madan 1999) further reducing 
the number to 63 putative TaFLA sequences. In order to identify contigs that might 
correspond to different regions of the same gene, we performed several alignments 
using the clustalW program and manually compared the similarities with the closest 
full-length Arabidopsis FLA sequence. This step not only reduced the number of 
candidates to 43 sequences, but also allowed us to assess whether contigs were full­
length or partial sequences. Short sequences (less than 300 pb) with low quality 
nucleotide sequences (10-30% NNNs) were discarded which reduced the number to 
38 putative TaFLA sequences. Four of these putative TaFLA sequences showed high 
similarity with maize genes (92-95% identity at the nucleic acid sequences), 
suggesting that they might be maize ESTs mistakenly deposited into wheat EST 
databases. Therefore, we decided not to include them in this study and to limit further 
characterization to 34 putative TaFLA contigs. Among these 34 wheat sequences, 
50% (17 contigs) were full-length clones. These 17 contigs were cloned and fully 
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sequenced at least three times. To avoid their identities the sequences were assessed 
by additional PCR using gene-specifie primers. The fuliiength clones that correspond 
to the remaining 17 incomplete sequences (boldface type in Table 1) were amplified 
by a PCR-based approach using gene-specifie primers from various cDNA libraries 
prepared from different tissues (spike, developing endosperm, or stressed tissues). 
Each cloned gene was again fully sequenced at least three times. The 34 putative 
TaFLAs are listed in Table 1 along with the TIGR accession numbers. In addition, a 
total of 24 rice proteins were identified and included in Table 1 along with their 
accession numbers. 
The putative wheat and riee proteins have FLA protein eharaeteristies 
To confirm that the putative TaFLAs and OsFLAs belong to the AGP super­
family, we first searched for characteristics that have been identified in AtFLA 
proteins such as: (1) the presence of at least one HRGP glycomodule (Nothnagel 
1997; Bacic et al. 2000; Showalter 2001; Johnson et al. 2003; Tan et al. 2003), (2) the 
presence of a signal peptide at the N-terminus and in sorne cases an additional C­
terminal signal for a glycosylphosphatidylinositol (GPI) anchor addition, and (3) the 
presence of at least one fasciclin-like domain. However, the classification of these 
molecules as HRGPs will require further experimental evidence such as their ability 
to bind ~-glycosyl Yariv reagent or elucidating their pattern of O-glycosylation. 
According to the "Hyp contiguity hypothesis", a Hyp residue can usually be 
arabinogalactosylated if it is repeated in a noncontiguous way in motifs such as 
[Ala/Ser/Thr]-Hyp-X(O,1 O)-[Ala/Ser/Thr]-Hyp, where two consecutive Hyp are not 
separated by more than II amino acid residues (Schultz et al. 2002). However, 
instead of AG polymers, Hyp repeats in [Ala/Ser/Thr]-Hyp-Hyp and [Ala/Ser/Thr]­
Hyp-Hyp-Hyp glycomodules seem to be the attachment sites for linear 
arabinooligosaccharides (up to five residues) (Tan et al. 2003). To predict the 
occurrence of such glycomodules in our putative wheat and rice FLA proteins, we 
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manually counted Hyp-containing sequence motifs in each of them and data are 
summarized in Table 1. Although, most of the putative TaFLAs and OsFLAs contain 
these glycomodule motifs in their sequences, only 5 OsFLAs and 5 TaFLAs have 
[Ala/Ser/Thr]-Hyp-Hp-Hyp motif (Table 1). It is noteworthy to point out that 
TaFLA30 and OsFLA22 (Os02g26290) seem to lack such AGP glycomodules, and 
that TaFLA6, 7, 8, and 21 only have scattered [Ala/Ser/Thr]-Pro di-peptide sequence 
separated by more than ten amino acids. Two additional characteristics are observed 
in known FLA proteins: they are usually secreted proteins and that may be attached to 
the plasma membrane via a GPI anchor. Therefore, they should possess an N­
terminus signal peptide to target them to the secretory pathway and may have a C­
terminus signal sequence recognized by a transamidase that replaces this peptide 
sequence with a GPI moiety. Putative TaFLA and OsFLA proteins were thus 
analyzed for the presence of these signal sequences using several prediction programs 
such as SignalP (Bendtsen et al. 2004), WoLF PSORT (Horton et al. 2006), Big-Pl 
(Eisenhaber et al. 2003), and DGPI (Kronegg and Buloz 1999). As expected, ail the 
putative wheat and rice FLA proteins, except TaFLA2 and OsFLA8, were predicted 
to be secreted by at least one of these algorithms (Table 1). Similarly, when putative 
AtFLA proteins were run on these programs (as control), they were predicted to be 
secreted proteins except for AtFLA20 protein (At5g40940). Further experiments will 
be required to confirm these predictions and optimize the CUITent available algorithms. 
A putative FLA protein was considered GPI-anchored protein if at least one of the 
two programs (Big-PI and DGPI) predicted the presence of the motif at its C­
terminus region. Twenty-three putative TaFLAs and 18 putative OsFLAs were 
predicted to have a GPI anchor sequence signal. However, TaFLA 19, OsFLA17 
(NPI114086), and OsFLA24 (Os03g57460) were predicted not to be GPI-anchored 
proteins by both programs (Table 1). On the other hand, many putative TaFLA 
proteins (11 proteins) have a short C-terminal hydrophobic region. This could have 
prevented GPI anchor signal prediction analysis, suggesting that the number of GPI­
anchored TaFLAs may be underestimated. Therefore, further experimental evidence 
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will be needed to detennine the anchoring position sites, which will help in 
optimizing the prediction programs. When the CDD program at NCBI was used to 
search the conserved domains database using the putative TaFLA and OsFLA 
proteins as queries, one fasciclin-like domain was identified in 24 wheat and 19 rice 
proteins, and two FLA domains were found in four wheat (TaFLA25, 26, 27, and 28) 
and in two rice (Os07g06680 and Os03g57460; Table 1) proteins. However, because 
fasciclin domain sequences are not weil conserved (Kawamoto et al. 1998), the CDD 
program cou Id not identify such domains in six of the wheat proteins (TaFLA29, 30, 
31,32,33, and 34). Similarly, this program could not identify regions with homology 
to fasciclin domain in several AtFLA proteins used as control (data not shown). Thus, 
we tried other prediction algorithms such as "Motif Scan" or "Pfam", which 
confirmed that both TaFLA31 and TaFLA34 have indeed one region with sequence 
similarity to fascic1in domain, as defined by "smart00554" in public database. 
However, only a region with weak amino acid sequence similarity was identified in 
TaFLA29, 30 and 33. Ali prediction programs failed to identjfy such similarity in 
TaFLA32, OsFLA17, 18, and 23 (Table 1). These last four putative FLAs could 
simply be AGPs, which would not be surprising because we have used full-Iength 
AtFLA protein sequences to search the databases. Hence, we expected to find among 
the hits sequences with fascic1in-like domains and/or AGP glycomodules. The PAST 
contents of these four proteins are higher than 40%, except for OsFLA 17 (29%), 
which contains an A-P-P motif characteristic of AGPs. Thus, we concluded that these 
four sequences are AGPs and they were named TaAGP1, OsAGP1, 2, and 3(table 1). 
The putative fasciclin domains identified in TaFLA, AtFLA, and OsFLA proteins 
were aligned using the clustalW program. The alignment shows the conserved 
regions depicted in the smart00554 motif sequence, namely, the Hl conserved region. 
This region is characterized by the sequence [Ser/Thr]-[VaIlLeu/Ile]-Phe-Ala-Pro-X­
[Asp/Glu/Asn]-X-Ala. Region H2 IS characterized by [VaIlLeu/Ile]­
[Phe/Tyr/His/Gln]-X-[Val/Leu/Ile]-X-X-[VaIlLeu/Ile]-[VaIlLeu/Ile]-[VaIlLeu/Ile]­
Pro, where X can be any amino acid (Fig. 1). The third conserved region of the 
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domains is located between the Hl and H2 regions and is characterized by a two­
residue motif, Tyr-His, which is usually flanked by [Leu/VallIle]-[Leu/Val/Ile] 
residues (Fig. 1). These residues have been shown to play roles in integrin binding in 
animal cel1s (Kawamoto et al. 1998; Kim et al. 2002). Although fasciclin-like 
domains were predicted in AtFLA, TaFLA, and OsFLA sequences, their alignment 
shows that ail the regions of the domain are not conserved in sorne of the proteins 
(Fig. 1). Figure 1 also shows that Thr residues in the Hl region are completely 
conserved in the fasciclin super family. Similarly, an Asn, Glu or Asp residues 
(charged amino acids), always occupies the sixth position after the Thr residues, 
except for the AtFLA17.2 domain where on Ala residue is found (Fig. 1). The C­
terminal section of H2 regions is rich in small hydrophobic amino acids such as Val, 
Leu and/or Ile in virtually ail known fasciclin domains (Cou1t et al. 2003; Shi et al. 
2003; Johnson et al. 2003; Lafarguette et al. 2004). Figure 1 shows that plant H2 
regions have also conserved this characteristic. However, in plant proteins, a His 
residue usually conserved in ail known animal fasciclin domains is mostly substituted 
by another ring-containing amino acid (Phe or Tyr), or by another amide-containing 
amino acid (Gin) (Fig. 1). Furthermore, the alignment shows that the section between 
the Hl and H2 motifs of known fasciclin domains is a1so conserved in plant proteins. 
However, the His residue conserved in this region is missing in sorne proteins such as 
AtFLA20.1, AtFLA8.1, AtFLA10.1, AtFLA1.2, OsFLA6, TaFLA15, and TaFLAl. 
Finally, it is noteworthy to mention that as for Arabidopsis FLA proteins, few wheat 
FLAs proteins have a peptide stretch (6 amino acids) that is rich in either charged (i.e., 
Lys, Asp, Glu and Arg) or hydrophobic (i.e., Val, Leu, Ile ... ) amino acids near the C­
terminus. For example, TaFLA3, 15, 28, and 33 have a combination of poly-Lys and 
po1y-Asp stretches near the C-terminus, in addition to two AGP domains (Fig. 2). The 
C-terminal regions of TaFLA16 and 17 have stretches with both Lys and Asp 
residues mixed together in addition to the AGP domain (Fig. 2). TaFLA21 differs 
since there is a hydrophobic region rich in Leu, Val, and Ile residues flanking the 
FLA domain. This TaFLA lacks the AGP domain and GPI-anchoring signal (Fig. 2). 
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These charged or hydrophobie regions may play a role in stabilizing/orienting the 
protein on the cell surface. 
Molecular modeling of plant fasciclin-Iike domains 
To get on insight about the structure/function relationships in plant fasciclin­
like domains, fold recognition methods were used to predict whether the plant FLA 
domain protein sequences have folding similarity to the recently resolved Fas! 
domain 4 crystals (Coult et al. 2003). Fold recognition uses a threading process to 
align the query protein sequence with the known crystal structure (Godzik 2003). 
PHYRE is a web-based algorithm that allows performing such on alignment and 
gives the secondary structure predictions (a-helices and ~-strands) with the 3-D 
coordinates, the e-value, the estimated precision, and sequence identity percentile. 
This structural analysis will also give additional support to the assignment of these 
putative proteins as members of the FLA super-family and may provide a rational 
basis to develop educated experiments for the evaluation of the role of certain protein 
regions in adhesion and signaling mechanisms. To test the validity of the sequence­
to-structure alignment algorithm, we used as a control the smart00554 sequence. As 
expected, the threading analysis predicted that smart00554 sequence should adopt the 
FasI domain 4 fold with an estimated precision of 100% (Fig. 3b). The Smart00554 
(FasI domain) fold is organized in seven beta sheets WI-7) covering the two sides 
(back to back) of the domain. One side is covered by ~ 1-~2-~7 -(~6 end) sheets and 
the back side by the anti-parallel ~4-~5-(start of ~6) sheets. Both series form a 
compact triangular shape with the ~6 sheet split over both sides. The sharp edge of 
the triangle is formed by the a3 and a4 helices and ~3 strand forms the base of the 
open end of this triangle (Fig. 3b). The model also indicates also that the fold is 
maintained by hydrogen bonds between small hydrophobie amino acids distributed 
along the ~-strands. When the program was run with the 92 plant fascic1in-like 
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domains, 86% of the FLA domains were predicted to adopt a folding pattern similar 
to the FasI domain 4 with an estimated precision above 70% based on amino acid 
sequence identity between 20 and 95%. It is noteworthy to indicate that these identity 
scores are lowered because the FasI domain 4 sequence used for similarity is about 
30% longer than the plant sequences. Examples of plant fasciclin-like domain folds 
are included in Fig. 3. Although the estimated precision was below 50% for 5 
Arabidopsis (AtFLA 10.1, AtFLA17.1, AtFLA19, AtFLA20.1 and AtFLA20.2), and 
one wheat (TaFLA34) fasciclin-like domains, the PHYRE algorithm could still build 
folds for these domains using the FasI crystal structure. 
Putative TaFLA genes show differential expression patterns in various tissues 
and under environmental stresses 
Since no microarray data is available for wheat, we used an alte111ative 
strategy that consists of downloading ail TIGR wheat EST databases (580,155 ESTs) 
and then grouping them into EST 1ibraries of various tissues. These libraries were 
then searched for representatives of each of our TaFLA sequences using the BlastN 
program. ESTs with above 97% identity over at least 600 pb were counted as the 
exact match of the TaFLA sequence. Table 2 summarizes these resu1ts along with the 
total number of ESTs in each library. According to this "digital northern" data al!, 
TaFLAs are mostly expressed in seeds and roots. Only 6 of the 34 TaFLA genes 
(TaFLA3, 6, 15,25,26, and 31) are highly expressed asjudged by the total number of 
their ESTs found. The data also show that sorne of the genes are tissue-specifie. For 
example, the TaFLA5 and 31 genes, for which the most ESTs were identified, come 
from endosperm cDNA libraries. ESTs of TaFLA14, 15, 25, and 26 are found mostly 
in roots, and TaFLA30 and 34 are in anthers. AtFLA33 was the only gene with one 
EST present in pistil cDNA libraries. TaFLA22 gene, the FLA closest to AtFLA4.2 
(SOS5 gene), is expressed at a low level in seeds (two ESTs). In order to confirm and 
complement this expression data, we carried out northern blot analysis on sorne 
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TaFLA genes in leaves, crown, and roots. Our experimental data confirmed the 
expression patterns of TaFLA2, 3, 4, 9, and 12 transcripts TaFLA2 and 9 seem to be 
expressed preferentially in roots, TaFLA4 in crown, and TaFLA12 in roots and 1eaves 
(Fig. 4). The on1y discrepancy is that TaFLAI4, which has severa1 ESTs in roots and 
leaves in TIGR databases, seems to be weak1y expressed according to our 
experimenta1 data (Fig. 4, Table 2). We further tested TaFLA 16, 18, 19 and 29 
transcripts for which no clear conclusion could be drawn from the ESTs distribution 
(Table 2). Our northern blot analysis indicated low expression of TaFLAI6, 19, and 
29 transcripts in the three tissues; however, the TaFLA 18 transcript was detected 
mostly in leaves and roots (Fig. 4, Table 2). The expression patterns of several 
TaFLA genes were determined in wheat shoots in response to abiotic stresses such as 
cold, heat, salt, and dehydration, and to ABA treatment. Our data showed that most of 
these genes were not affected (data not shown), because most of the TaFLA genes 
were expressed in seeds or roots and only few were detectable in above ground 
tissues (shoots) (Fig. 4, Table 2). However, the transcript of any up-regulated gene 
wouId be seen by northern gel blot analysis. For example during cold treatrnent, 
TaFLA12 and TaFLA9 transcripts showed a maximum accumulation in roots of 
plants that were acclimated for 6 days at 4°C, and the transcripts returned to normal 
levels after a longer period of acclimation (36 days) (Fig. 5). A similar pattern was 
also observed for TaFLA18 (data not shown). A slight increase in TaFLA14 transcript 
was also observed in roots after 1 and 6 days acclimation (Fig. 5). However, 
regarding other stresses, the transcript levels of TaFLA 12 and 9 did not change in 
above ground tissues in response to heat or salt treatment, but were down regulated 
by ABA treatment and dehydration treatment (Fig. 6). The TaFLA3 transcript was 
down regulated in ail the treatments except heat-induced stress. Interestingly, 
TaFLA14 was the only gene that was up regulated in response to 70% dehydration­
induced stress (Fig. 6). TaFLA20 and 22, homologs of the SOSS gene in Arabidopsis, 
were weak1y expressed and the transcripts cou1d not be detected in leaf, crown, or 
root tissues even after 16 h exposure. 
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Phylogenetic analysis of plant fasciclin-like domains 
Phylogenetic analysis could be used to predict the physiological function of 
genes. It is interesting to know the evolutionary history of plant fasciclin-like 
domains. For example, are they the result of gene duplication? Did the duplicated 
domains evolved in a similar way? Would it be possible to connect the evolutionary 
c1ustering to a functional c1ustering? To be able to make conclusive phylogenetic 
analysis, we included FLA domains from four species representing dicots 
(Arabidopsis), monocots (wheat and rice), and gyrnnosperms (Pinus taeda). The pine 
FLAs domains were collected from public EST databases (TIGR). The advantage of 
increasing species sampling is to increase the possibility of deducing the point at 
which gene duplications occurred. In addition, we used only FLA domains because 
the repetitive nature of AGP glycomodule found in FLA-AGP proteins can be 
problematic in making a reliable alignment of FLA proteins, which is essential in a 
phylogenetic analysis such as this one. The term orthologs or homologs are used here 
to describe putative functionally equivalent domains in Arabidopsis, wheat, rice, and 
pine based entirely on sequence similarity and c1ustering. Our phylogenetic analysis 
indicates that plant fasciclin-like domains could be grouped into at least eight groups 
(I-VIII, Fig. 7). It seems that group-I and the other groups (Il-VIII) are the result of 
an ancient duplication (Fig. 7). Although bootstrap support values are low for the 
main nodes, it is still possible to distinguish the c1ustering (groups-I-group-VIII). 
lnterestingly, these groups seem to have evolved differently. For example, group-l 
includes FLA domains that are less divergent and have the highest amino acid 
sequence similarity with the"smart00554" domain. On the other hand, group-Il ­
group-VIII showed relatively more diversified monophyletic clusters and seem to be 
the result of more recent duplications. The most recent duplications yielded the two 
FLA domains of AtFLA17 and 20 (group-III) and PtFLA13 domains (group-IV). 
Interestingly, the two fasciclin-like domains of the SOS5 protein (AtFLA4) involved 
34 
ln salt sensitivity of Arabidopsis (Shi et al. 2003) seem to also be a result of 
duplication but the two copies (in group-V and group-VII) have evolved differently. 
Both of SOSS FLA domains have homologs in other species. Another interesting 
observation from this phylogeny analysis is that, although most of the FLA domain 
groups have representatives in dicots, monocots, and gymnosperms, sorne groups 
seem to be confined to certain species. For exarnple, group-III cornposed of 
AtFLA17.1, AtFLA17.2, AtFLA20.1, AtFLA20.2 and AtFLA19 are found only in 
Arabidopsis, group-IV (PtFLA13.1, PtFLA13.2, and PtAFLA9) only in pine, and 
group-VIII (TaFLA6-8, and TaFLA21, 29) in wheat (Fig. 7). 
35 
DISCUSSION 
In this work, we describe the features of several FLA proteins from wheat and 
rice in an effort to elucidate their importance in cereal grain development. We have 
developed an in-house Java script to screen public wheat ESTs collections in search 
for homologs of AtFLA proteins. This search indicated that wheat has at least 33 
putative FLAs genes, a number that is higher than in Arabidopsis (21 genes). 
However, because wheat is a hexaploid plant having three copies of the genome 
(ABD), sorne of the identified putative TaFLAs might be copies of the same gene. 
Usually, copies of the same gene would share high nucleic acid sequence identity 
(>97%) in the coding regions and low similarity at the 3' and 5'UTR regions. Indeed, 
sequence comparisons indicated that the following pairs: TaFLA6 and 7; TaFLA9 
and 24; TaFLAl2 and 13; TaFLA16 and 17; TaFLA20 and 22; and TaFLA26 and 27, 
have coding regions that are 98-100% identical at the nucleic acid level, and that the 
3' and 5' UTR regions have low similarity «30%), which strongly supports the 
conclusion that each sequences of these pairs are copies of the same gene. Thus, the 
number of unique putative TaFLA genes can be reduced to 28. However, despite the 
presence of a large number of wheat ESTs in the public databases, it is possible that 
we did not identify ail TaFLA genes. Also, since many of the sequences are from EST 
datasets, the accuracy of the remark, even with the stringent criteria used, means that 
the prediction of sorne of the motifs and/or signal may be inaccurate. The deduced 
amino acid sequences of wheat and rice FLA cDNAs indicate proteins with sizes 
ranging between 150 and 480 amino acids. Computer-based analyses showed two 
main differences between the cereal proteins and Arabidopsis FLAs. First, a low 
number of FLAs predicted to have two fasciclin-like domains (4 TaFLAs and 2 
OsFLAs) in comparison to Arabidopsis (lOAtFLAs). Second, while ail AtFLAs have 
O-glycosylation sites (AGP glycomodules), 5 TaFLAs and 1 OsFLAs may lack these 
O-glycosylation sites. Indeed, the Pro residues in these proteins do not comply with 
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"Hyp contiguity hypothesis" as described by Tan et al. (2003) (Table 1). For example, 
TaFLA30 and OsFLA22 (Os02g26290) completely lack the AGP glycomodules. This 
observation is new because all putative plant FLA proteins identified thus far have the 
fasciclin-like domain associated with an AGP or EXT glycomodu\e (Shi et al. 2003; 
Johnson et al. 2003; Lafarguette et al. 2004). In addition, four wheat proteins 
(TaFLA6, 7,8, and 21) do not have well-defined AGP glycomodules. Instead, they 
have scattered [Ala/Ser/Thr]-Pro di-peptide sequences separated by more than ten 
amino acids. When the fasciclin domains of these four wheat FLA proteins were not 
included in the estimation of the Pro, Ala, Ser, and Thr residues (PAST) contents, the 
values observed were between 25 and 35% (depending of the region of the proteins), 
which is still below the 50% content characteristic of AGPs. It is possible that these 
scattered Pro residues may not undergo post-translational O-glycosylation. However 
it has been shown that sporamm, a non-AGP protein, undergoes 
arabinogalactosylation (as in AGPs) when expressed in tobacco BY2 cells (Matsuoka 
et al. 1995). Sporamin has a unique Pro residue in its sequence located at position 36 
and the amino acids surrounding this Pro36, seem to be critical for its efficient 
hydroxylation and arabinogalactosylation (Shimizu et al. 2005). Thus, it would be of 
interest to investigate Pro O-glycosylation in TaFLA6, 7, 8, and 21. In a recent work 
(Shimizu et al. 2005), a more general rule for Pro hydroxylation and O-glycosylation 
was proposed that includes non-AGP proteins. In this rule, the motif required for 
efficient Pro hydroxylation and O-glycosylation consists of [AVSTG]-P-[AVST]­
[GAVPSTC]-[APS or acidic], however this rule still does not apply to the Pro 
residues in TaFLA6, 7, 8, and 21 proteins because they are part of a different motif, 
namely A-P-[EQ]-[EL]-[EPR]. Therefore, a more general Hyp glycosylation rule is 
stil1 needed. Although several AGPs have been characterized from monocots such as 
Lolium (Gleeson et al. 1989), maize (Kieliszewski et al. 1990), and wheat (Fincher et 
al. 1974), details are still lacking regarding the composition and structural variations 
of the glycan portions. It would be interesting to express sorne TaFLA genes in 
tobacco cells and investigate the glycosylation pattern of the proteins. This will help 
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extend the general rule of Hyp O-glycosylation to include non-AGP (sporamin) and 
the new types of AGP proteins (TaFLA6, 7, 8, and 21). The physiological 
significance of these differences is still unknown. Beside these differences, wheat and 
rice FLAs share many other common features with Arabidopsis proteins. For example, 
they a11 are predicted to be secreted proteins except for TaFLA2 and OsFLA8, for 
which no algorithm could identify a signal peptide in their sequences. Only TaFLAI9, 
OsFLAI7 and 24 were not predicted to be GPI-anchored to the plasma membrane. 
However, about 25% have shorter C-tenninus amino acid sequences. To allow a 
correct prediction, need of improvement of the current GPI prediction algorithm and 
experimental confinnation to support these predictions. Taking into consideration the 
current prediction, the number of TaFLA and OsFLA proteins predicted to have a 
GPI anchor sequence (70%) is comparable to Arabidopsis proteins. RNA gels blot 
analyses as we11 EST database survey indicate that most of the TaFLA genes are 
expressed in reproductive tissues (i.e., seeds) as found for Arabidopsis FLA genes. 
This finding strongly suggests that these proteins are important in plant development 
where an exact coordination of embryogenesis steps is required. Indeed, FLA can 
play a key role in cell-cell and cell-environment communication by establishing 
physical contact with neighboring ce11s or with their extracellular matrices (cell walls). 
This physical connection couId be a central piece in signal transduction by which the 
surrounding environment (e.g., neighboring cells, extemal variation etc.) wouId be 
sensed by the cel!. The physical interactions may involve a fasciclin-like domain, 
which raises the question of how these plant domains mediate such an interaction and 
what the mechanism might be. In order to understand the mechanism of such 
interaction, the FAS 1 domain of the insect cell was used as a model to create 3-D 
folds of putative plant fasciclin domains using the PHYRE algorithm. With the 
exception of 6 fasciclin-like domains (AtFLAIO.I, AtFLAI7.1, AtFLA19, 
AtFLA20.l, AtFLA20.2, and TaFLA34), the other 86 plant fasciclin-like domains 
were predicted to have folding homology to FasI domain 4 with on estimated 
precision above 50%. These six domains may not be functional or the prediction 
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program may need to be trained on more possible folds, which may require making 
crystals from the putative plant fascic1in-like domains. However, several observations 
can be drawn from this preliminary structural analysis: (a) hydrophobic amino acids 
(i.e., Ala, Ile, Leu, Val, Pro, Phe) are spread along the ~-sheets and are responsible of 
maintaining the 3-D structure of the domains through hydrogen bonds between them. 
Phe and Pro residues are oriented toward the central pocket of the model. The small 
nonpolar amino acids are generally nonreactive and may not be involved in 
interactions, and (b) all domains have the negatively charged (i.e., Asp, Glu) and Tyr 
residues concentrated along the ~ l-a3-a4-~2 edge, while the positively charged 
amino acids (i.e., Lys, His, Arg) are concentrated on the back side of the folds. This 
distribution of highly charged surfaces could provide an excellent way of mediating 
protein-protein interactions via electrostatic forces as found in many other adhesion 
molecules such as CD2 and CD58, where charge instead of shape complementarity 
seems to play an important role in recognition (Wang et al. 1999). It has been shown 
that CD2 and domain 1 in FasIII have a striking structural similarity, which may 
suggest a similar interaction mechanism. In this case the interacting surfaces are 
hydrophilic and rich in charged residues such as Trp, Tyr, Arg and Lys. Our 
understanding of the molecular basis of interactions mediated by plant fascic1in-like 
domains is limited. However, extrapolation of the work carried out on the animal 
fascic1in and immunoglobulin super-family (Boyington et al. 2000; Wang et al. 1999; 
Soroka et al. 2002) to the plant fascic1in domain model may allow predictions to be 
made concerning regions within the fold that mediate binding through homophilic 
(between similar fascic1in-like domains) or heterophilic (different fascic1in-like 
domains or other interacting proteins) mechanism. Several AIFLA genes are found to 
be expressed at the same time and in the same tissues (according to the "A. lhaliana 
Co-Response Database"), which suggest the possibility of interactions between these 
FLA proteins via homophilic or heterophilic mechanisms. For example, the AIFLA 18 
gene is positively co-expressed with AIFLA2, 9, and 13 genes suggesting they may 
interact with one another. Similarly, AIFLA 1 is co-expressed with AIFLA 7, 8, and 10; 
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and AlFLA7 transcript is co-expressed with AlFLA1, 2, 8, 9, 10, 11, 12, and 16. 
Phylogenetic analysis seems to indicate that plant FLA domains are the result of 
several duplications and that the duplicated copies evolved at different paces. This 
analysis also suggests that the most recent duplications occurred in group-III and 
group-IV because the two domains of the proteins are still clustered together. In these 
two groups Arabidopsis FLAI9 and Pine FLA9 did not have duplication in FLA 
domain. Interestingly, it seems that sorne FLA proteins lost one of the domains. For 
example, wheat FLA 19 and Pine FLA 1, both in group-II, have only one fasciclin-like 
domain but clustered with other FLA proteins having two FLA domains (group-II). In 
tenns of functional prediction, it is difficult to make clear conclusions because of the 
lack of experimental data on most of clustered FLA proteins. The only clear example 
on the importance of FLA domain in plants is the salt overly sensitive Arabidopsis 
mutant (sos5). The mutation (Ser to Phe) in the most conserved region of FLA4.2 
domain produced a mutant with defects in root cell wall structure and growth, and the 
plant is hypersensitive to high salt concentrations (Shi et al. 2003). The AtFLA4.2 
domain in SOSS protein is clustered with wheat FLA2û and 22, and rice FLA 12 
domains (group-VII). Ali of these FLA domains have a Ser residue at the same 
position suggesting similar physiological functions. It wouId be interesting to confirm 
this prediction with rice mutant (FLA 12 domains). In addition, RNA blots analysis 
showed that TaFLA12 and TaFLA9 are specifically up regulated by a cold treatment 
in roots and TaFLA 14 is up regulated by dehydration stress. The three FLA proteins 
belong to group VI, the closest to group VII. Taking these data together, we are 
tempted to conclude that group VI and VII may a function in signaling pathway 
during abiotic stresses such salt, dehydration, and cold. Again, it would be of interest 
to evaluate whether AtFLA6, 7, 9, and 13, the Arabidopsis homologs of TaFLA9, 12, 
and 14, are also regulated by cold and/or dehydration treatments. It is worth 
mentioning that group VII also includes AtFLA Il, a protein that was shown to be 
involved in secondary wall fonnation (Brown et al. 2005; Persson et al. 2005). In 
conclusion, the characterization of wheat and rice FLAs and the structural analysis 
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described above may establish the foundation for more detailed analysis, which could 
help design experiments where mutations in fasciclin-like domains may shed the light 
on the function of these proteins and identify the precise region of the domains that 
are important in the FLAs interactions. 
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MATERIALS AND METHODS 
Plant material and growth conditions 
Winter wheat (Triticum aestivum L. cv Norstar, LT50 of -19°C) was used in 
this work. Plants were grown in water-saturated vermiculite for 7 days at 25°C/20°C 
under a relative humidity of 70% and a 15 h photoperiod. After this period plants 
were treated with various stresses as described (Danyluk et al. 1998). Control plants 
were maintained under the saille conditions of light and temperature. CoId 
acclimation was carried out by subjecting 7 day-old seedlings to a temperature of 
4°C ± 1°C with a 12 h photoperiod for various periods of time as specified for each 
experiment (see figure legends). Seedlings were watered with a nutrient solution 
(20:20:20; N:P:K). Plant tissues were immediately frozen in liquid nitrogen after 
harvesting and stored at -80°C until use. Beat shock was perforrned by incubating 
seedlings at 40°C for 3 h. Salt-stressed plants were obtained by incubating seedlings 
for 24 h in a nutrient solution containing 500 mM NaCI. Abscisic acid (ABA)-treated 
plants were obtained by incubating seedlings for 18 h in a nutrient solution containing 
10-5 M ABA and concomitantly applying a foliar spray containing 10-4 M ABA in 
0.02% (v/v) Tween 20. Polyethylene glycol-induced osmotic stress was performed by 
removing seedlings from verrniculite and transferring them to a solution containing 
70% (w/v) of polyethylene glycol (average molecular weight of 8,000) for 48 h. 
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Identification of TaFLA-like AGP ESTs using bioinformatics and 
transcriptomic approaches 
Bioinfonnatic and transcriptomic approaches were used to screen publicly 
available wheat (T. aestivum) EST databases. An in-house Java script was developed 
to perfonn several bioinfonnatics steps yielding a finallist of unique wheat sequences 
with putative fasciclin-Iike domains. The first step consists of a BLAST search 
(http://www.ncbi.nlm.nih.gov/Ftp/index.html) to identify and collect hits with 
similarity (E < 0.05) to each of Arabidopsis thaliana FLAs (Johnson et al. 2003). The 
script then removes the redundancy (identical hit names) from this first crude list of 
hits before making an assembly of putative wheat contigs using the CAP3 program 
(Huang and Madan 1999). Short sequences (Jess than 300 pb) with low quality 
nucleotide sequences (10-30% NNNs) were also discarded before assembling the 
contigs. Using the clustalW program, of these wheat unique sequences were aligned 
with their closest homologs from rice and Arabidopsis to identify non-overlapping 
contigs that might correspond to different regions of the same wheat gene. This last 
manual step reduces the number of unique genes and generates a final list of putative 
wheat FLA-like AGP (TaFLA) genes. The search in the initial step was first 
perfonned using AtFLA nucleic acid gene sequences as query against nucleic acid 
databases (BlastN), but we later found that the TBlastN program (AtFLA proteins vs. 
dynamically translated EST databases) was more effective in detecting hits. Because 
of the presence of repetitive motifs in these proteins, a low complexity filter was not 
used. A multiple sequence alignment of these protein homologs was generated using 
ClustalW program. Simultaneously, the publicly available clones of the putative 
TaFLA genes found were then fully sequenced at least three times to eliminate errors 
from sequencing procedures. The comparison of TaFLA genes with their closest 
homologs, allowed us to accurately predict the start (ATG) and stop codons. The 
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remaining putative TaFLA genes that did not have clones available (50% of the total 
list) were cloned using PCR-based cloning strategy. 
PCR-based cloning of wheat FLA-like genes 
Gene-specifie pnmers were designed for these genes (TaFLAs) using the 
Primer3 program (http://www.frodo.wi.mit.edu/cgi-in/primer3/primer3_www.cgi) 
were used to PCR amplify cDNA clones from 7 cDNA Iibraries (in MVSPORT6, 
directional cloning) made from various wheat tissues and developmental stages. The 
reverse and fOlward primers used with each of thegene-specific primers were 5'­
AGATCCCAAGCTAGCAGTTTTCCCAGTCACGA-3' and 5'- GAGCGGATAAC 
AATTTCACACAGGAAACAGCTATGA-3'. PCR reactions (50 ~I) contained 
0.6 ~ forward gene-specifie primer, 0.3 ~M of the reverse/forward primer, 100 ng 
DNA, 300 ~M four dNTPs, 1 U Pfx polymerase as recommended in Platinum Pfx 
DNA Polymerase kit manual (Invitrogen). PCR conditions were as follows: an initial 
2 min step at 94°C to activate Pfx, fol1owed by eight cycles of 20 s denaturing at 
94°C, 20 s annealing at noc, and 150 s extension at n°c. The annealing 
temperature was lowered by 1°C each cycle using down touch function. At the end of 
these eight cycles, the PCR reaction was extended for another 44 cycles of 20 s 
denaturing at 94°C, 20 s annealing at 64°C, and 150 s extension at 68°C. The final 
was conducted at noc for 10 min. PCR products were cloned into PCR4 Blunt­
TOPO vector using the Zero Blunt TOPO PCR cloning kit (Invitrogen) and then 
transformed into chemically competent bacterial cells (One Shot cells; Invitrogen). 
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Computer-based analysis of protein sequences 
Several prediction algorithms are available on public websites. Putative 
fasciclin domains were identified using two websites. First a search of the Conserved 
Domain Database at NCBI (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 
(Marchler-Bauer and Bryant 2004) did not identify the FLA-like domain in six wheat 
and three rice proteins. Therefore, a motif scan algorithm allowing the search of 
Prosite and Pfam database of motifs (http://www.myhits.isb-sib.chlcgi­
bin/motiCscan) was used to analyze these proteins. This program is currently the best 
in predicting motifs that have low homology. For the other proteins, the motifs were 
extracted manually.The deduced amino acid sequence of putative wheat and rice FLA 
proteins were submitted to SignalP to determine the presence of N-terminal signal 
sequence that would target the proteins to the secretory pathway 
(http://www.cbs.dtu.dk/services/SignaIPI) (Bendtsen et al. 2004) and WoLF PSORT 
websites (http://www.wolfpsort.seq.cbrc.jpl). The proteins that were not predicted to 
have a signal peptide were further analyzed using the DGPI algorithm 
(http://www.129.194.185.l65/dgpiIDGPI_demo_en.html) which can identify both 
signal peptides and GPI anchor addition sequences. The Big-PI program 
(http://www.mendel.imp.univie.ac.at/gpi/plant_server.html) was also used to identify 
the GPI anchor addition sequences. The three-dimensional structure of the putative 
FLA domains was investigated using PHYRE (Protein Homology/analogY 
Recognition Engine) algorithm at http://www.sbg.bio.ic.ac.uk/3dpssm. This program 
first looks for homologs in public databases using the psi blast algorithm, then 
searches Prosite and fold library before initiating loop modeling, cleft detection, and 
adding side chains. The three dimensional prediction is then visualized via the lmol 
software (http://www.jmol.org). The co-expression pattern of the Arabidopsis FLA 
genes was investigated using the Arabidopsis co-expression database hosted on the 
http://www.csbdb.mpimp-golm.mpg.de/csbdb/dbcor/ath.htmlwebsite.This analysis 
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allows the identification of interacting molecules and helps develop hypothesis on the 
functional interactions of FLA genes. 
Phylogenetic analysis 
Putative fasciclin-like domains were identified in wheat and rice proteins 
using several programs as described above. The sequences of these putative fasciclin 
domains (100 aa) were extracted and multiple alignments were carried out using 
ClustalW at http://www.ebi.ac.uk/clustalw or, for smaller datasets, T-COFFEE at 
http://www.ch.embnet.org. After manual editing, the alignments were displayed and 
shaded with the GeneDoc program (http://www.psc.edu/biomed/genedoc). For 
phylogenetic analysis, another in-house Java script was developed that combines 
PHYLIP 3.65 package (Felsenstein 1993), PHYML algorithm 
(http://www.atgc.lirmm.fr/phyml) (Guindon et al. 2005), and TreeView 1.6.6 
(http://www.taxonomy.zoology.gla.ac.uk/rod/treeview.html).This Java script allows 
for the creation of PHYLIP alignments that can be edited before submission for 
analysis uuder the JTT (Jones et al. 1992) or Dayhoff (Dayhoff et al. 1978) 
substitution frequency matrix with 1,000 bootstrap replicates as implemented in 
PHYML algorithm. The phylogenetic tree was then visualized with TreeView 
software. 
Expression patterns 
Various wheat tissues libraries were created by using TIGR ESTs databases. 
The libraries were leaf (63743 ESTs); crown (12480 ESTs), roots (58148 ESTs), 
seeds (72462 ESTs), kemel (15253 ESTs), endosperm (11110 ESTs), anthers (9913 
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ESTs), and pistil (l0161 ESTs). Electronic screening for TaFLA genes in these 
tissues libraries was performed using the BlastN program and an exact match of the 
gene use 2 as query was recorded for each EST showing at least 97% identity over 
600 pb. The data is summarized in Table 1. AIso, to confirm and complement this 
"digital northem" data, RNA-gel blot analysis was carried out on sorne TaFLA genes 
in leaves and crown (the part of the seedling just above and below the ground from 
which the roots and shoots branch out). Briefly, the RNA was extracted using Tri 
Reagent according to the manufacturer's protocol (Molecular Research Center, 
Cincinnati). Full-Iength cDNAs were cloned by PCR from cDNA 1ibraries and used 
as probes. Northem analyses were performed using standard procedures (Sambrook et 
al. 1989) and repeated at least three times using three different RNA preparations 
(biological replicates), and a typical result is presented in Figures 4, 5 and 6. 
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LEGEND OF FIGURES AND TABLES 
Figure 1: Multiple sequences alignment of the fasciclin-like domain from 
Arabidopsis, rice and wheat. The alignment was generated using the ClustalW 
program and manually edited. Residues in positions conserved at 90, 75, and 55% are 
shaded in black, dark gray, and light gray, respectively. Dashes represent gaps 
introduced by the program for optimal alignment. The three conserved regions 
characteristic of fasciclin domains (H l, H2, and [FY]H) are indicated at the up of the 
alignment. In proteins with more than one FLA domain have the annotation ".1" or 
".2" to indicate the position of the domain in the protein starting from the N-terminal 
end of the protein. 
Figure 2: Representation and location of various domains and sequence stretches 
found in sorne wheat FLA proteins. 
Figure 3: Three-dimensional folding model of the smart00554 motif along with 
typical predicted folding patterns of sorne plant fasciclin-like domains. A smart00554 
amino acid sequence with the conserved amino acid residues highlighted in bigger 
letters, and its putative secondary structures (above the amino acid sequence). B 
Structural models of smart00554 and six typical examples of plant FLA domains 
(Arabidopsis, wheat, and rice) fold model as predicted by PHYRE program using 
fasciclin l domain 4 of ~ig-h3 as mode!. Positively and negatively charged residues 
are drawn in black and white, respectively, in the cartoon of smart00554. 
Figure 4: Expression of TaFLA transcripts in leaves (L), crown (C), and roots (R) of 
7-day-old wheat seedlings using RNA gel blot analysis. In ail lanes, 10 J.Lg total RNA 
was used and the 28S ribosomal RNA stained with ethidium bromide is included as 
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loading controis for each lane. Membrane exposure was 16-48 h depending on the 
gene. 
Figure 5: Expression of TaFLAs transcripts in leaves (L), crown (C), and roots (R) of 
wheat seedlings that were cold-acc1imated for l, 6, and 36 days at 4oC as determined 
by RNA gel blot analysis. Northem conditions were similar to those indicated in 
Fig. 4. NA stands for nonacc1imated plants grown for 7 days; CA (ld), CA (6d), and 
CA (36d) stand for plants that were cold-acc1imated for l, 6, and 36 days. 
Figure 6: Effects of various treatments on the expression of TaFLA transcripts in 
wheat seedling shoots. Northem blot conditions are as indicated in Fig. 4. NA 
nonacc1imated seedlings grown for 6 days; salt, plants treated with 500 mM NaCI for 
18 h, ABA plants treated with 0.1 mM ABA for 18 h, dehydr. plants exposed to 70% 
(w/v) of polyethylene glycol (MW 8 kD). 
Figure 7: Phylogenetic tree representation of the putative fascic1in domains (about 
100 amino acids), from Arabidopsis (AtFLAs), wheat (TaFLAs), rice (OsFLA), and 
pine (PtFLAs). Protein sequences were aligned with ClustalW and manual1y edited, 
and a tree was constructed under the JTT substitution model using the PHYML 
program. Bootstrap support values of 1,000 replicates are indicated. 
Table 1: Putative fasciclin-like containing proteins identified in wheat and rice 
genomes. The number of fascic1in-like domains is indicated for each protein. The 
TIGR gene accession number and a summary of the computer-based predictions of 
the secretion signal peptide and the GPI-anchoring signais are given for each protein. 
The number of the putative glycomodules present in each protein sequence was 
counted manually, [Ala/Ser/Thr]-Hyp-X(O, 1O)-[Ala/Ser/Thr]-Hyp,[Ala/Ser/Thr]­
Hyp-Hyp and [[Ala/Ser/Thr]-Hyp-Hyp-Hyp. Boldfaced FLAs are sequences that 
were completed using PCR-based methods. 
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Table 2: Wheat FLA ESTs found in public cDNA databases (TlGR). The libraries 
were generated from TIGR cDNA libraries of various tissues: L leaf (63743 ESTs), 
crown (12480 ESTs), roots (58148 ESTs), seed (72462 ESTs), kemel (15253 ESTs), 
Endos endosperm (11110 ESTs), anthers (9913 ESTs), and pistil (10161 ESTs). The 
ESTs with above 97% identity over at least 600 bp were counted as an exact match of 
the gene. The "*,, indicates the lack of conclusive information for these transcripts. 
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Figure 1: Multiple sequences alignment of the fasciclin-like domain from 
Arabidopsis, rice and wheat. 
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Figure 2: Representation and location of various dornains and sequence stretches 
found in sorne wheat FLA proteins. 
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Figure 3: Three-dimensional folding model of the smart00554 motif along with 
typical predicted folding patterns of sorne plant fasciclin-like domains. 
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Figure 4: Expression of TaFLA transcripts in leaves (L), crown (C), and roots (R) of 
7-day-old wheat seedlings using RNA gel blot analysis. 
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Figure 5: Expression of TaFLA transeripts in leaves (L), erown (C), and roots (R) of 
wheat seedlings that were eold-aeclimated for 1,6, and 36 days at 4°C as determined 
by RNA gel blot analysis. 
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Figure 6: Effects of various treatments on the expression of TaFLA transcripts in 
wheat seedling shoots. 
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Figure 7: Phylogenetic tree representation of the putative fasciclin domains (about 
100 amino acids), from Arabidopsis (AtFLAs), wheat (TaFLAs), rice (OsFLA), and 
pine (PtFLAs). 
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Table 2: Wheat FLA ESTs found in public cDNA databases (TIGR). 
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CONCLUSION 
Les protéines animales FLAs peuvent jouer un rôle majeur dans la 
communication cellule-cellule et aussi cellule-environnement via des contacts 
physiques de leur domaine fasciclin-like. L'identification des protéines FLAs chez le 
blé et le riz facilitera leurs études. La présente étude a permis la caractérisation de 34 
protéines FLAs chez le blé et 24 chez le riz. L'analyse phylogénétique des FLAs chez 
Arabidopsis, le blé, le riz, et le pin nous a permis de classer les FLAs en 8 groupes (I 
à VIII). Elle montre que le domaine fasciclin-like chez les plantes est le résultat de 
plusieurs duplications, qui sont survenues à des moments différents. 
L'étude du profil d'expression a montré que les gènes FLAs chez le blé sont sous­
exprimés sous l'effet des stress abiotiques sauf les gènes TaFLA9 et 12 qui sont 
induits par le froid au niveau des racines ainsi que le gène TaFLAl4 qui est induit par 
la déshydratation. Ces trois protéines membres du groupe VI suggèrent que les 
membres de ce dernier sont impliqués dans les voies de signalisation en réponse aux 
différents stress abiotiques, ce qui est aussi le cas du groupe VII où se place le gène 
AtFLA4.2 qui est responsable de la résistance au stress salin chez Arabidopsis 
thaliana (Shiet al. 2003). L'analyse du profil d'expression des ESTs de TaFLAs a 
montré leur expression dans les tissus reproductifs, ce qui est similaire chez 
Arabidopsis thaliana et relève l'importance des FLAs dans le développement de la 
plante. 
L'analyse bioinformatique a montré deux différences entre les FLAs des céréales et 
leurs homologues chez Arabidopsis thaliana. La première différence est le faible 
nombre des FLAs des céréales ayant deux domaines fasciclin-like Hl et H2. La 
deuxième différence est que tous les AtFLAs possèdent des sites de O-glycosylation 
71 
(glycomodules des AGP) alors que 5 TaFLAs et 1 OsFLAs ne présentent pas ces sites. 
De plus TaFLA30 et OsFLA22 n'ont pas le glycomodule AGP, ce qui est nouveau 
puisque tous les FLAs identifiés sont considérés comme possédant le domaine FLA 
associé aux AGPs ou EXTs glycomodules (Shi et al. 2003; Johnson et al. 2003; 
Lafarguette et al. 2004). Il sera donc important d'étudier ces différences au niveau du 
motif de glycosylation afin de comprendre leurs significations physiologiques. Des 
similarités existent entre les AtFLAs et leurs homologues de céréales puisque toutes 
ces protéines sont prédites être secrétées sauf la TaFLA2 et la OsFLA8. Une autre 
similarité apparaît, puisque 70% des FLAs chez le blé et le riz possèdent le motif 
prédisant la modification par la molécule ancre GPI, ce qui est le cas aussi chez 
Arabidopsis thaliana. 
Afin d'attribuer aux FLAs des fonctions possibles dans la croissance, le 
développement de la plante et dans la réponse au stress, il serait intéressant 
d'envisager des études de perte et de gain de fonction de leurs homologues mutés 
chez Arabidopsis thaliana. 
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